Objective: Coenzyme Q10 supplementation leads to increased muscle metabolism in patients with post-polio syndrome. the aim of this study was to investigate the effect of resistance training in combination with oral supplementation with coenzyme Q10 in patients with post-polio syndrome regarding muscle strength and endurance as well as functional capacity and health-related quality of life. Design: Parallel randomized, controlled, double-blind pilot study. Patients and methods: a total of 14 patients (8 women and 6 men) with post-polio syndrome participated in a 12-week muscular resistance training, 3 days/week. the patients were randomized for oral supplementation with coenzyme Q10, 200 mg/day, or placebo. measurements used were: sitstand-sit test, timed up & go test, 6-minute walk test, muscle strength measurement by means of dynamic dynamometer and short-form (SF)-36 questionnaire. Results: muscle strength, muscle endurance and quality of life regarding mental health increased statistically significantly in all 14 patients. There was no significant difference between the coenzyme Q10 and placebo groups regarding muscle strength, muscle endurance and quality of life. Conclusion: there was no effect of coenzyme Q10 supplementation during resistance training on post-polio syndrome symptoms. thus, supplementation with coenzyme Q10 has no beneficial effect on muscle function in patients with postpolio syndrome.
Individuals who have had poliomyelitis are at risk of developing new or increased symptoms, called post-polio syndrome (PPS). common symptoms of PPS are muscle weakness and fatigue (1) . Several studies have shown that muscle resistance training in the post-polio population increases strength and/or performance (2) . In a study by Mizuno et al. (3) supplementation with coenzyme Q10 (Q10) resulted in increased muscle energy metabolism in patients with PPS. the present study contained few patients, but nonetheless patients with PPS take Q10 in order to increase muscle strength and function.
the purpose of the present study was to evaluate the effect of resistance training combined with oral supplementation with Q10 in patients with PPS regarding muscle strength, functional ability, muscle endurance and health-related quality of life.
MethodS the study was carried out as a randomized, placebo-controlled pilot study in which the patients were randomized to resistance training, combined with supplementation with Q10 or placebo treatment, respectively.
Patients
Patients undergoing treatment, with a clinically (1) and neurophysiologically verified diagnosis of PPS, who were able to walk with or without a walking aid for 6 min and were younger than 80 years of age were recruited (for patient characteristics see table I). Five patients walked unaided and 5 used a stick or a crutch when walking, one walked with 2 sticks, 2 used walkers and one used a wheelchair or 2 crutches.
Exercise programme
Resistance training (including a 10 min warm-up with an intensity corresponding to 10-11 on the Borg Rate of Perceived exertion scale (4)) was performed over a period of 12 weeks, at a frequency of 3 sessions/week, and a duration of 30 min/session. the initial work-load was 50-60% of 1 repetition maximum (1RM) and was successively increased to an intensity of 70-80% of 1RM. this intensity has been used in previous exercise studies with patients with PPS (5). 1RM was tested continuously during the 12 weeks and the work-load adjusted to make sure that the correct exercise intensity was used. the patients performed cable rear pull downs, knee extensions, arm presses and thoracic/lumbar rotation (2 sets of 10 repetitions/machine). In addition, toe heaves were performed on a surface at an angle of 10 degrees (1 set, maximum number of repetitions/leg).
Q10 was administered orally in doses of 2 × 100 mg/day over a period of 12 weeks to half of the patients and the other half were given a placebo.
Outcome measures
the following measurements were performed at baseline and after the 12-week observation period. Sit-stand-sit (SSS) test (6) (7) and used for measurements of functional capacity. the 6-minute walk test (6MWt) (8) was used for measurement of muscle endurance. the best result (walking distance) of 3 attempts was used. All patients used the same walking aid at the baseline measurement and after the observation period. the patients used their ordinary shoes and were not given any physical assistance. Borg scales were used (4) .
Muscle strength and endurance of the knee extensors were tested with an isokinetic dynamometer (Kin-com 125 e Plus, chattecx chattanooga, uSA). Measurements were performed on a leg muscle with a muscle strength of approximately 25-75% of normal expected muscle power as judged by a clinical examination. A learning session was carried out 1-6 days before the first test. The patient was seated with their back against a backrest with a seatbelt strapped around their chest and the tested leg, and the ankle fastened to the dynamometer arm. the anatomical axis of the knee was aligned with the axis of the dynamometer, and the distal aspect of the arm of the dynamometer was placed 2 cm proximal to the medial malleolus. dynamic knee extensor strength was measured at a velocity of 60º/sec and with a passive return to start position. Start force was set to 15 N and the range of motion was 90-30º (0º straight leg). Gravity correction was done at 45º. Warming-up consisted of 4-5 submaximal isokinetic concentric contractions. Maximal voluntary dynamic strength was evaluated by 3 concentric contractions with good reproducibility with one minute rest between, the maximal peak torque (Nm) was calculated. After 5 min rest muscle endurance was measured at a velocity of 120º/sec and with a passive return at a velocity of 60º/sec. Start force and the range of motion was the same settings, but no gravity correction was done. the maximal number of repetitions was 50. three patients were not able to perform 50 repetitions. the same number of repetitions was performed before and after the training. total work (J) of the repetitions was calculated.
health-related quality of life was estimated using the SF-36 questionnaire according to Sullivan & Karlsson (9) .
Laboratory data, creatine kinase (cK) and lactate dehydrogenase (Ld) were measured before and after training.
Statistics the statistics program SPSS (version 14.0) was used for calculation of data. demographic data and laboratory data was analysed descriptively. Quantitative data were not normally distributed and therefore non-parametric statistics were used. Wilcoxon signed-rank test was used to analyse differences within groups and Mann-Whitney U test for differences between groups. A p < 0.05 was taken as statistically significant. 
Ethical aspects

ReSuLtS
All 14 patients completed the exercise period. Participation was good, with a median of 94% (table I) . SSS test and 6MWt (table II) showed a statistically significant (p = 0.010 and p = 0.017, respectively) improvement when data for both groups were analysed together before training as compared with after training. For the 6MWT the Q10 group showed a statistically significant (p = 0.028) improvement and for the SSS test the placebo group showed a statistically significant (p = 0.018) improvement when data before training were compared with those after training. For SSS test there was no significant improvement for the Q10 group and for 6MWT there was no significant improvement for the placebo group. There was no statistically significant difference between the Q10 and the placebo group for either SSS test or 6MWt. tuG test (table II) results were unaltered when the results of both groups together before training were compared with data after training. There was no statistically significant difference between the Q10 and the placebo group. the muscle strength test (table II) showed a statistically significant (p = 0.046) improvement for both groups together but not for the individual groups. there was no statistically significant difference between the Q10 and the placebo group for the muscle strength test. there was no change in total work for both groups or for the individual groups.
Mental health showed a statistically significant improvement (p = 0.050) for both groups together when data before training were compared with those after training. there was a statistically significant improvement (p = 0.034) in mental health for the placebo group, whereas there were no statistically significant difference for the Q10 group in any of the sub-domains. When analysing as a whole and the different sub-domains there was no statistically significant difference when data were compared between baseline and after training between the Q10 or the placebo group.
Laboratory data, cK and Ld, did not differ when data before training were compared with those after training. there were no differences between the groups. dIScuSSIoN the results of this study show that a 12-week resistance training programme leads to an increase in muscle strength and endurance as measured by 6MWt and increased quality of life for the SF-36 sub-domain of mental health. this is in accordance with several previous studies reporting increased physical function for PPS patients after training (for reference see Agre (5)).
there was, however, no difference in outcome if the patients took Q10 supplementation or not. the increase in 6MWt in the Q10 group might suggest increased muscle endurance. on the other hand, the results of the other tests including total work did not support this assumption. Furthermore, there was no improvement in quality of life by means of SF-36 with the exception of mental health.
Mizuno et al. (3) described an increase in muscle metabolism in patients with PPS during Q10 supplementation. however, the results of the present study do not provide any evidence that Q10 increases the muscle metabolism in a way that results in an increase in the muscle strength or function. In conclusion, the present study does not show any beneficial effect of Q10 supplementation on muscle function in patients with PPS.
